Tobacco mosaic virus infection of Nicotiana tabacum mesophyll protoplasts did not affect the pattern of chloroplast or total cellular DNA synthesis for at least 120 h when compared with that of mock-infected cells. Calli derived from infected protoplasts often showed large amounts of tobacco mosaic virus RNA and coat protein.
Our knowledge of the events which take place at the molecular level in tobacco mosaic virus (TMV)-infected cells is sparse due in part to the asynchronous nature of the infection. The use of protoplasts in vivo has overcome the problem of asynchronous infection and has become a potentially powerful tool in studying the replication mechanism of TMV and other viruses. However, profound changes occur in cells during the enzymatic preparation of protoplasts, including the cessation of DNA synthesis for a few days after protoplast formation (3, 12) . Our objective in this study was to see if there is any effect of TMV infection on DNA synthesis in tobacco protoplasts.
Replication of TMV in protoplasts. Protoplasts were prepared from the leaves of sterile shoot cultures of Nicotiana tabacum L. cv. xanthi which had been grown under 10,000 lx of light in a light-dark cycle of 16 and 8 h, respectively. The protocol for preparation and isolation of the protoplasts was essentially as previously described (6, 11) , except that the enzyme solution contained 0.4% of partially purified cellulase RS (Yakult Biochemical, Japan) and 0.04% of partially purified pectolyase Y23 (Seichin Pharmaceutical Co., Ltd., Japan) in 0.4 M mannitol (pH 5.7). The incubations were carried out for 1 h. The partially purified enzymes were 33 to 55% ammonium sulfate fractions of the commercial crude powder.
The inoculation of protoplasts with TMV (2 x 104 virions per cell) was as described by Kikkawa et al. (6) . In each experiment, one half of the protoplasts were infected with TMV and the other half were mock infected; TMV replication in protoplasts was monitored by dot blot hybridization (9) . At the time of initial infection, the input viral RNA was 12 ngIlO6 protoplasts (time zero). By 24 h after initial infection, the amount of TMV RNA had increased to 775 ngIlO6 protoplasts and by 120 h had reached a level of 10 ,ug of TMV RNA per 106 cells ( Table 1 ). The percentage of protoplasts that were infected was found to be at least 70%, as estimated from the TMV distribution in calli derived from the infected protoplasts (Table 2) .
DNA synthesis in mock-infected and TMV-infected protoplasts. To determine if DNA synthesis in protoplasts is affected by TMV infection, we measured the incorporation of [3H]thymidine in the infected and mock-infected protoplasts. Cells were pulse-labeled with [3H]thymidine for 3 h from the time the infection was established (time zero) and every 24 h thereafter. In both the infected and uninfected protoplasts, the kinetics of total cellular DNA synthesis were similar after protoplast formation ( Fig. 1 ). Both types of protoplasts started to synthesize DNA between 2 and 3 days after protoplast formation, and the rate of DNA synthesis increased in a similar fashion in both infected and mock-infected cells for 48 to 96 h.
There is evidence suggesting an involvement of the chloroplast compartment in TMV infection (8, 10) . To study the effect of TMV infection on chloroplast DNA synthesis, we used molecular hybridization techniques which have been previously described (2, 4, 5) . Total radiolabeled DNA from 6-h pulse-labeled infected and uninfected protoplasts were hybridized to cloned N. tabacum chloroplast DNA immobilized on nylon membranes, and the percentage of labeled chloroplast DNA was measured (Fig. 2) . At 48 h after infection, when DNA synthesis recommenced, about 30% of the DNA synthesized in both infected and uninfected protoplasts was chloroplast DNA (Fig. 2) . This percentage dropped to 11 to 14% by 72 h in both cultures and remained constant for at least another 48 h in the two cultures.
Our results demonstrate that DNA synthesis in the chloroplasts of the mesophyll protoplasts is not altered by TMV infection and that the DNA of the chloroplast replicates after infection of the protoplasts. Furthermore, chloroplast replication seems to recover 24 h before that of the nuclear DNA (Fig. 2) . This phenomenon is consistent with the observation that chloroplast DNA synthesis is independent of nuclear DNA synthesis. The autonomous nature of the chloroplast DNA synthesis has been shown in tobacco cell suspension culture by Heinhorst et al., who have shown that inhibition of the nuclear DNA synthesis does not affect the chloroplast DNA synthesis (4, 5) .
Persistence of TMV in cells. We determined whether regeneration of the infected protoplasts in calli and plants would be influenced by TMV infection and whether the virus would persist in calli and regenerated plants. Of the calli examined 2 to 5 months after infection, 70% contained the viral genome in the range from 1 x 100 to 1.5 x 103 ng/106 cells ( 
